The aims of this study were to investigate the serum levels of some cytokines [tumor necrosis factor-α (TNF-α), interleukin 1ß (IL-1ß), IL-2R, IL-6, and IL-8] and nitric oxide (NO) levels in patients with untreated brucellosis and to test the correlation of these parameters with each other. The study was conducted on 67 subjects, 37 patients with brucellosis and 30 healthy individuals with no history of Brucella infection. Brucellosis was identified by a positive blood culture and/or increased Brucella antibodies in serological tests in addition to compatible clinical symptoms. Cytokine profile analysis was performed by the immulite chemiluminescent enzyme immunometric assay whose inter-and intra-assay coefficients of variance were 2.6-3.6 and 4.4-8.5%, respectively. The levels of nitrites/nitrates, which are representative of NO levels, were measured by the Griess method. Patients with brucellosis had significantly elevated serum levels of nitrites/ nitrates, IL-2R, IL-6 and IL-8 (mean ± SD, 102.8 ± 23.8 µmol/l, 806.1 ± 58.5 U/ml, 21.1 ± 2.3 pg/ml, and 8.8 ± 1.6 pg/ml, respectively) compared to healthy controls, whereas TNF-α and IL-1ß levels were unchanged. No statistically significant correlation was detected between any of the studied cytokine levels and nitrate/nitrite concentrations according to Pearson's linear correlation test. We conclude that only IL-6, IL-8 and IL-2R are elevated in brucellosis and the extent of elevation depends on the severity and clinical pattern of the disease. Moderate elevation in serum NO was comparable to that observed in previous studies. This explains the absence or very rare occurrence of septic shock in brucellosis.
Brucellosis is endemic in many Middle
East countries including Turkey, where it undermines animal and human health. Brucella spp invade and proliferate within reticuloendothelial cells and cause acute, subacute and chronic disease. The acute form is characterized by weakness, headache, arthralgia, malaise, sweating, irregular fever, lower back pain, splenomegaly, and hepatomegaly. In the subacute form, the clinical pattern is more protean, with milder clinical symptoms, with the frequent presence of arthritis and an infrequent occurrence of hepatomegaly. In the chronic form fever is rare and focal suppurative lesions in bones, joints, liver, spleen, and eyes may be observed (1) .
The immune response against Brucella involves both humoral (Th2) and cell-mediated (Th1) immunity. The Th1/Th2 cytokine ratio seems to be involved in the susceptibility or resistance to Brucella infection. Th1 cytokines confer resistance (2) , whereas Th2 cytokines predispose to brucellosis (3, 4) . Some cytokines can regulate the immune system and play key roles on the outcome of brucellosis. Several studies have shown that T cell proliferation and Th1 cytokine production are reduced in brucellosis (5, 6) . Interferon-gamma (IFN-γ) is a well-studied cytokine (2, 5, 7, 8) . Other cytokines such as interleukin-2 (IL-2) (5), IL-3, IL-4, IL-8, and IL-12 (4, 9) , and IL-6 (10) have also been studied in human brucellosis. However, the precise role of other cytokines in human brucellosis has not been thoroughly explored (7) . Nitric oxide (NO) is an important bioregulatory molecule. It is labile (half-life <15 s) and is rapidly metabolized to nitrate and nitrite in the presence of oxygen. Although small amounts of NO are constitutively released by endothelial and neuronal nitric oxide enzymes, inducible NO, located mainly in immune cells such as macrophages, is induced and produced in considerable amounts after exposure to potent cytokines [IFN-γ, tumor necrosis factor-α (TNF-α) and IL-1] alone or in combination with microbial lipopolysaccharides (LPS) (11) . Inducible NO has an antimicrobial activity similar to that of reactive oxygen species and plays a vital role in host defense and immunity, including the modulation of inflammatory responses (2) . Although NO has been investigated in animal models (7, 8, 12) , according to our knowledge and Medline survey the role of NO in human Brucella infection has not been evaluated yet. In the present study, we searched for variations in the levels of three inflammatory cytokines, (IL-1ß, TNF-α, and IL-6), a chemokine, (IL-8), and a receptor of regulatory cytokine IL-2 (IL-2R) in brucellosis patients with an inflammatory reaction and determined their possible correlation with each other and with NO.
The study was conducted on 67 subjects diagnosed and followed at the Turgut Ozal Medical Center, Malatya, Turkey, and comprised 37 brucellosis patients (16 males and 21 females) and 30 controls. Brucellosis was diagnosed on the basis of clinical, bacteriological and serological data. Nine of the patients had acute brucellosis defined by the presence of typical signs and symptoms, e.g., fever, sweating, malaise, back pain, hepatomegaly, myalgia, and arthralgia. Twentyeight patients had the subacute form of the disease, with milder symptoms and arthritis. Control subjects were 30 healthy individuals (14 males and 16 females) with no history of previous Brucella infection. The mean age of patients and controls was 34.7 ± 9.9 and 33.7 ± 6.2 years, respectively.
The study was carried out in compliance with the guidelines of the Institutional Health Committee of the School of Medicine, Inonu University. All patients and controls signed an informed consent form.
The blood samples collected from untreated patients were inoculated into Bactec Blood culture bottles and incubated in the Bactec 9120 System (Becton Dickinson, Sparks, MD, USA) until a positive signal was observed. Subcultures were obtained on sheep blood agar, chocolate agar and eosin methylene blue (EMB) agar and incubated at 35ºC in a 5% CO 2 atmosphere for at least 48 h. Small and whitish colonies appeared only on blood and chocolate agar after 48 h and no growth was observed on EMB agar. The colonies that yielded Gram-negative coccobacilli and were positive for the oxidase and urease tests were identified as Brucella spp. Patient sera were screened by Rose-Bengal slide agglutination and standard tube agglutination (STA) tests.
As soon as brucellosis was identified, blood samples of about 5 ml were collected into sterile tubes without anti-coagulants from both groups after an overnight fast. None of the patients or healthy controls was receiving any topical or systemic medication on admission. Following centrifugation of the blood samples at 2000 rpm for 10 min, sera were separated and kept at -70ºC until the analysis of cytokines and the NO metabolite.
Cytokine analysis was performed using the immulite chemiluminescent enzyme immunometric assay DPC (Diagnostic Products, Los Angeles, CA, USA). The technique was based on a solid-phase (bead) two-site chemiluminescent enzyme immunometric assay. For each cytokine calibration, a master curve was constructed using the US National Institute for Biological Standards and Controls Reference Preparation according to manufacturer instructions. Since NO is unstable and rapidly converted to nitrates and nitrites, it is necessary to determine both nitrite and nitrate concentrations in the samples (13) . It is common practice to use enzymatic or chemical reduction to convert all nitrates to nitrites in a sample and then measure total nitrite (13) . In the present study, serum samples were mixed with granular cadmium and shaken for 2 h for chemical reduction of nitrate to nitrite, and total nitrite was then measured by spectrophotometry using the Griess reagent. Serum nitrate concentration was calculated by subtracting direct nitrite from total nitrite. All chemicals and biochemicals used for NO determination were obtained from Sigma (St. Louis, MO, USA).
Means and standard deviations were calculated for each parameter and data were analyzed for normal distribution. The means of variables showing normal distribution were compared by the parametric unpaired t-test, whereas parameters whose distribution was not normal were compared by the non-parametric Mann-Whitney U-test. Pearson's linear correlation test was used to assess correlation between parameters. The level of significance was set at P < 0.05 in all analyses. All analyses were performed using the SPSS 9.0 software.
All acute brucellosis patients and 25 of the 28 subacute patients yielded positive cultures for Brucella species. All patients had a positive Rose-Bengal slide test and STA test with a titer of 1/160 or more. The serological tests used were negative in the control group.
Cytokines and nitrate/nitrite concentrations are shown in Table 1 . Both nitrate and nitrite concentrations were significantly higher in patients with brucellosis than in healthy controls (P < 0.001). There was a positive correlation between total and direct nitrites (correlation coefficient = 0.671, P < 0.05). Table 1 also presents the mean levels of TNF-α, IL-1ß, IL-2R, IL-6, and IL-8 in Table 1 . Cytokine and nitrate/nitrite concentrations in sera of patients with brucellosis and healthy controls.
Parameter
Patients with Controls Subacute brucellosis Acute brucellosis brucellosis (N = 37) (N = 30) (N = 28) (N = 9)
TNF-α (pg/ml) 6.9 ± 0.8 6.4 ± 1.3 6.6 ± 0.3 6.8 ± 0.9 IL-1ß (pg/ml) 4.6 ± 0.3 4.5 ± 0.2 4.6 ± 0.3 4.7 ± 0.5 IL-2R (U/ml) 806.1 ± 58.5* 581. sera from patients with brucellosis and controls. Patients had significantly elevated serum levels of IL-2R, IL-6 and IL-8 compared to healthy controls but levels of TNF-α and IL-1ß were not different. Moreover, there was no close relation between cytokine production and nitrite/nitrate levels, except for a poor correlation between IL-2R and direct nitrite (correlation coefficient = 0.471, P < 0.05). The mean serum levels of TNF-α, IL-1ß, IL-2R, IL-6, IL-8, and nitrite/nitrate according to severity of disease are compared in Table 1 . IL-2R, IL-6, IL-8, and nitrite/ nitrate were significantly higher in sera from patients with acute brucellosis than in sera from patients with subacute brucellosis. Most studies about the role of cytokines and NO in the immunity and course of brucellosis were performed in animal models and in in vitro macrophage cultures (7, 12, 14) , whereas little information is available for human brucellosis. Protective immunity to Brucella infection was conferred not only by antibodies alone but also by activated macrophages, T cells and their cytokines (9, 14) . In an animal study, it was thought that protection might depend on timing of the cytokine response rather than on the cytokine level (14) . The high titer of specific Brucella antibodies (≥1/160) detected by STA in our patients clearly indicated B cell activation. However, this response may not be sufficient to eliminate infection and adequate antimicrobial treatment is needed for complete recovery.
In the current study, the significant increase in serum IL-6 and IL-8 levels in brucellosis compared to control indicates the role of these cytokines in the inflammatory response. Since IL-6 plays a major role in inflammation and IL-8 is a chemokine that induces chemotaxis and migration of leukocyte subsets (15) , this supports the involvement of IL-6 and IL-8 in the process and pathogenesis of brucellosis. The receptor of the regulatory cytokine IL-2 (Th1 cytokine) was also significantly increased, possibly regulating the inflammatory reaction by activation of various immune cells and subsequent release of mediators such as cytokines and NO. In an experimental study on mice, it was reported that Brucella LPS did not cause IL-1 production and only a low level of TNF-α production (16) . In another similar study, it was demonstrated that vaccination of animals with Brucella abortus strain RB51 did not cause an increase in blood TNF-α levels (17) . In agreement with these findings, TNF-α and IL-1ß levels did not differ between infected individuals and controls in the present study.
Pathological conditions associated with increased release of cytokines and LPS such as inflammation or sepsis can increase NO production as well (18) . It is well known that Brucella LPS and lipid A directly induce NO production in rats but at a much lower rate than other bacteria such as Escherichia coli (11) . Under biological conditions, NO undergoes a number of reactions which tend to involve the formation of both nitrate and nitrite ions. In the present study, nitrate and nitrite levels were considered to be representative of NO production. There was a significant increase in nitrate/nitrite levels, but not so high as to lead to hypotension and septic shock, which were not observed in any patient. The reason seems to be a low or moderate increase in pro-inflammatory cytokine levels and a consequent moderate elevation of NO (11, 19) . This finding was in agreement with previous data indicating that septic shock was rarely observed or was even absent in animal or human brucellosis but was seen in E. coli infection due to NO overproduction (18, 20) . Moreover, our results showed that there were no significant correlations between production of the cytokines studied and nitrite/nitrate levels. This may indicate that increased IL-6 and IL-8 have no significant effect on NO-producing cells. Since NO-inducing cytokines such as TNF-α and IL-1ß were not elevated in our patients and IFN-γ was significantly increased in acute brucellosis as reported in a previous study (9) , the most probable reason for a significant increase in NO level in brucellosis patients in the current study may be the effect of Brucella LPS and IFN-γ on immune cells. Note that we did not measure IFN-γ.
One can conclude from this study that only IL-6, IL-8 and IL-2R are elevated in brucellosis and the extent of elevation depends on the severity and clinical pattern of the disease. Moderate elevations in serum NO levels with the simultaneous increase in some cytokines found in our study may not be sufficient to result in septic shock, as is the case for other bacterial infections such as E. coli.
